Here we report the cloning and expression of murine BMP-10, a novel member of the TGF-b superfamily. In the mouse embryo, BMP-10 expression begins at 9.0 d.p.c. and is restricted to the developing heart. Initially, BMP-10 expression localizes to the trabeculated part of the common ventricular chamber and to the bulbus cordis region. After 12.5 d.p.c., additional BMP-10 expression is seen in the atrial wall. The data presented here suggest that BMP-10 plays an important role in trabeculation of the embryonic heart.
Results
Trabeculation is a critical process during the formation of the embryonic heart. Targeted mutations of the neuregulin gene and its receptors ErbB2 and ErbB4 lead to an embryonic lethal phenotype that results from the failure of ventricular trabeculation (Gassmann et al., 1995; Lee et al., 1995; Meyer and Birchmeier, 1995; Zhao and Lemke, 1998) . In this paper we report the cloning of the mouse BMP-10 gene which is exclusively expressed in the trabeculae of the embryonic heart. PCR primers were designed to amplify the mature region of the mouse BMP-10 gene using sequence from hBMP-10. This PCR fragment was then used to screen a 13.5 d.p.c. mouse heart cDNA library. The longest clone (4.5 kb) obtained contained an open reading frame (ORF) of 1200 bp, followed by 3.1 kb 3′-UTR and a polyA tail. This ORF however, did not start with an ATG, but analysis of the genomic BMP-10 locus showed that the first exon contained an ATG 60 bp upstream of the 5′ end of the cDNA which is in frame with the ORF.
The BMP-10 amino acid sequence has the characteristic features of a BMP-family member (Fig. 1) . A typical cleavage site (RRIR) divides the 421 amino acid (aa) long protein into a pro-region (309 aa) and mature region (108 aa). The mature domain contains the conserved pattern of seven cysteines.
Phylogenetic analysis demonstrated that BMP-10, BMP-9, and the chicken gene, dorsalin form a novel BMP subfamily ( Fig. 1) .
In situ analysis on whole-mount and sectioned mouse embryos demonstrated that BMP-10 was exclusively expressed in the developing heart. Transcripts were first detectable at 9.0 d.p.c. in the common ventricular chamber and in the bulbus cordis (Fig. 2) . In these structures, BMP-10 was only expressed by myocardial cells that form the trabeculae (Fig. 3) . At 10.5 d.p.c. and 11.5 d.p.c., when the degree of trabeculation in the ventricular chamber and the bulbus cordis region increases substantially, the level of BMP-10 expression also increased in these structures. No BMP-10 expression was detected in endocardial cells. Through 14.5 d.p.c. BMP-10 expression remained most abundant in the trabeculated part of the ventricles (Fig. 4) . Beginning at 12.5 d.p.c., additional BMP-10 expression was detected in cells that form the trabeculated inner atrial wall.
Northern blot analyses of adult tissues showed most abundant expression of BMP-10 in heart with weaker expression in liver and lung (Fig. 5) .
In summary, the expression of BMP-10 in the heart sug- gests that BMP-10 may be involved in the process of trabeculation during embryogenesis.
Materials and methods

Isolation of genomic and cDNA clones
PCR was used to amplify the mature region of the mouse BMP-10 gene. (MAT-10-5: GGCTGCAGCGCCAAGGG-GAACTACTG; MAT-10-3: GGTCTAGACTACAGCCA-CACTCAGAC). PCR conditions were: 2 min 95ºC, 2 min 56ºC, 2 min 72ºC (30 cycles). The resulting 350 bp was used to screen a 13 d.p.c. embryonic mouse heart library (Stratagene) and a genomic 129SVJ mouse FIX II phage library (Stratagene).
Northern Blot analysis
A multiple tissue northern blot was purchased from Invitrogen and hybridized according to the manufacturers instructions.
In situ analysis
Whole-mount in situs were performed as described by (Hogan et al., 1994) . In situ hybridizations on sections were performed as described (Kessel and Gruss, 1991) . The probe used was a 600 base pair fragment derived from the proregion of BMP-10.
